Two field experiments were conducted during the two consecutive growing seasons of 2013/2014 and 2014/2015 at Sakha Agriculture Research Station Farm, Kafr EL-sheikh governorate. The aim of study was to evaluate the effect of three irrigation discharge rates (2.5, 3.5 and 4 L.sec -1 m -1 ) and three cut-off irrigations (100%, 90% and 85% from border length), which were randomly arranged under each irrigation discharge on wheat yield and its components, some water relations, irrigation efficiencies and the contribution of ground water table. The results revealed that the combination of irrigation discharge 4 L sec -1 m -1
INTRODUCTION
Irrigated agriculture is the dominant type of farming in Egypt. The per capita of water for different purposes is decreasing gradually to less than the water poverty edge (1000m 3 per annum). Water shortage that faces Egypt is continuously increasing, and it is prospected to reach the threshold level of less than 500 m 3 yr -1 capita -1 . (EL-Quosy, 1998) . Under the existing limited water supply resources and the agriculture prevailing conditions in Egypt, a successful plan regarding water management is needed to reach the maximum water and land use efficiency, in the northern Nile delta region.
Improvements in irrigation practices such as precision leveling, proper border length as well as appropriate flow rates lead to more uniform water distribution, soil and water conservation and economic viability of irrigated agriculture (EL-Mowelhi et al, (1999b , 1995a&b and 1999a , El-Arqan et al (2008) , Bochen et al, (2013) and Qingfeng Miao et al (2015) .Also, the following cut-off irrigation event, the water front moves to irrigate more cultivated areas. This Technique considered as a direct simple effective way in water saving, Kassab and Ibrahim ; ( 2007) ; ( Zeng Guang Wei et al, (2009); Amer (2011) and Kassab (2012) .
Wheat (Tritcum aestivum L.) is one of the main winter cereal crops in Egypt, in terms of both area and production. There is a great gap between its consumption and production resulting from rapidly increasing the population. So increasing wheat production is becoming a must, which could be achieved by increasing cultivated area, planting of high yielding cultivars and using the most effective ways for irrigation.
The main objectives of the current study are to investigate the effects of three different irrigation discharges, cut-off irrigation from border length on wheat yield, yield parameters, some water relations and some irrigation efficiencies.
MATERIALS AND METHODS
Two field experiments were conducted at Sakha Agricultural Research Station, Kafr EL-Sheikh Governorate during the two consecutive winter seasons 2013/2014 and 2014/2015 , to study and evaluate the effect of three irrigation discharge rates (2.5, 3.5 and 4.0 L sec -1 m -1 ) and three cut-off irrigation (cut-off at 100%, 90% and 85% of border length) with land leveling 0.1% ground surface slope on some water relations, some irrigation efficiencies and yield of wheat crop. Strip block statistical design was employed. The main plots were randomly subjected to irrigation discharge rates, while subplots were devoted to cut-off irrigation. Table  1a&b shows some soil physical and chemical properties of the experimental area. The agrometeorological data at Sakha station, during the two seasons of study, are presented in Table 2 .
Wheat (variety Gemmiza 9) was planted during the two growing seasons, field preparation (plowing and land leveling 0.1% ground surface slope) and agronomic practices were performed according to the usual agricultural practices, except the studied treatments (water discharges and cut-off irrigation ) in the form of calcium superphosphate during preparing the soil for planting. While nitrogen was added in the form of ammonium nitrate (33.5%N), at the recommended dose of 75 kg N fed -1 ., for the wheat crop. The application of the N fertilizer was divided into two equal doses, one added before post irrigation and the other before the 3 rd irrigation.
The length and width of each border were 100m and 7m, respectively, therefore under each irrigation discharge rate water was stopped when the waterfront reached 100%, 90% and 85% of the border length. Each border was isolated by ditches of 1.5m width to avoid lateral movement of irrigation water to adjacent plots.
Land leveling of 0.1% ground surface slope was conducted during preparing the soil for planting during both seasons. Along each cultivated border, different stations 10m apart were staked all the way till the end of the proposed irrigation run. The time consumed for reaching the water front during irrigation at each station as well at the end was recorded from the beginning of the watering event. Consequently, the corresponding time, to disappear water at each station was also recorded from the beginning irrigation. The difference between water advance time and recession time expressed as the opportunity time of irrigation water at each station. Observation wells were installed along different treatments and reading of water Table depth was recorded by using the ground water meter. For irrigation timing, soil samples were taken periodically until it reached the desired level of allowable moisture (50% of AW). The amount of applied water at each irrigation treatment was determined on the basis of raising the soil moisture content to its field capacity plus 10% as leaching requirements. Irrigation water applied at each water discharge rate was calculated by using the following: Q = 1.84 LH 1.5 , where Q = Rate of discharge, m 3 /min., L = length edge of weir, cm (50cm) and H = head of water above edge of weir, cm Seasonal applied water :-It was calculated as described by Giriappa (1983) as follows: AW=IW+ER+S, where IW= irrigation water applied (by multiplying discharge rates by required time for border irrigation), ER=effective rainfall and S= amount of soil moisture contribution to consumptive use from the shallow ground water Table Water consumptive use (Cu):-To compute the actual consumed water of the growing plants, soil moisture percentage was determined on weight basis before and 48 hr after each irrigation as well as at harvest time. The soil samples were taken from successive layers in the effective root zone (0-15, 15-30, 30-45 and 45-60 cm) . This method of consumed water is depending upon soil moisture depletion (SMD) or so-called actual crop water consumed (ETc). The amount of Cu was calculated in the effective root zone of 60 cm as stated by Hansen et al, (1979) .
Where, 100 Cu= water consumptive use (cm) in the effective root zone 60 cm depth. θ 2 = Soil moisture percentage, 48 hours after irrigation θ 1 = Soil moisture percentage before the next irrigation Dbi = Bulk density of the specific soil layer (Mgm -3 ) Di = soil layer depth (15 cm), Water use efficiency (WUE):-It was calculated according to Doorenbos and Pruitt (1975) as follows:-WUE= Y/Cu Were Y= the grain or straw yield of wheat (kg fed -1 ), Cu= seasonal water consumptive use (m3/fed), and WUE= water use efficiency (kg m -3 ) Irrigation water use efficiency (IWUE):-It was calculated according to Doorenbos and Pruitt (1975) as follows:-IWUE= Y/WA where Y = the grain or straw yield of wheat (kg fed -1 ), WA= seasonal water applied (m 3 /fed), IWUE= water applied use efficiency (kg m -3 ) Consumptive use efficiency (Ecu, %):-It was calculated according to Doorenbos and Pruitt (1975) (Doorenbos and Pruitt (1975) and penman montieth, average values was calculated and considered in calculations (Allen et al., 1998) 
Irrigation application efficiency (EI, %):-
It was obtained by dividing the volume of water stored in the effective root zone to the applied irrigation water (Downy, 1970) as follows:
EI= (Da-(Dp+Ro)/Da ×100 Where: Da= application water (cm), Dp= deep percolation (cm), Ro= Runoff (cm), EI= irrigation application efficiency Water distribution efficiency (Ewd, %):-It was calculated according to (James, 1988) as follows:
Ewd= ( 
4-1000 grain weight (g)
Nutritional analysis:-Plant samples (grains and straw) were collected from each plot at the end of the two growing seasons, each sample was washed with distilled water thoroughly and was dried in an oven at 70 c o for 24 hours. Constant weight each sample was wet digested in H 2 SO 4 -H 2 O 2 mixture to determine the concentration of Nitrogen and Phosphorus in both grains and straw .N-content, % was determine using micro -kjeldahl method according to Jackson, 1967 . P-content, % was determined by using hydroquinine method (Snell and Snell, 1967) .
Crude protein content (%):-
It was calculated by multiplying the N, % by 5.7 (A.O.A.C., 1980) The uptake of N and P by plant organs (grains and straw) of wheat:-It was calculated by multiplying element concentration by yield of wheat (grain and straw yield, kg fed -1 ) Statistical analysis:-Some of the data collected (wheat yield and its components) were subjected to the statistical analysis according to Snedecor and Cochran (1967) and the mean values were compared by least significant differences according to Duncan (1955) .
RESULTS AND DISCUSSION

Seasonal water applied
The amount of seasonal water applied for wheat crop consists of three components which are irrigation water (IW), Effective Rainfall (ER) and ground water contribution (Gwc). Presented data in Table 1 -1 m -1 and cut-off irrigation at 85% of border length during both seasons ,respectively. It was noticed that seasonal water applied was decreased with increasing cut-off irrigation treatments under all irrigation discharge rates during both seasons of cultivation.
In comparison with cut-off irrigation at 100% of border length (no cut-off) under each irrigation discharge , the highest values of water saving 241.08 m3 fed-1 (9.48%) and 242.34 m 3 fed -1 (9.60%) were recorded with irrigation discharge of 4.0 L sec -1 m -1 and cut-off irrigation at 85% of border length , during the first and 2 nd seasons , respectively, followed by irrigation discharge of 3.5 L sec -1 m -1 under the same cut-off irrigation .Based on the highest crop yield. Saved water could be used for irrigating more crops and for horizontal expansion in agriculture. These results are in a great harmony with those obtained by Kassab and Ibrahim (2007) , Abd El-Fatah (2011 ), Beshara (2012 , and Moursi et al, (2014) . The seasonal crop water consumptive had the same trend as that of seasonal water applied. The seasonal mean values of water consumptive use is a direct function of the soil water status which already are affected by the amount of irrigation water applied. Data presented in Table 3 and cut-off irrigation at 100% of border length during the1 st and 2 nd seasons ,respectively, compared with other treatments. Meanwhile, the lowest consumptive use values 1498.56 m3 fed-1 (35.68cm) and 1499.82 m3 fed-1 (35.71 cm) were achieved with water discharge 4 L sec -1 m -1 and cut-off irrigation at 85% of border length during both seasons, respectively. It was observed that, values of seasonal water consumptive use were decreased with increasing cut-off irrigation under all irrigation discharge rates during both seasons. These results are in a harmony with those obtained by Kassab and Ibrahim (2007) , Kassab (2012) , El-Ramady et al, (2013) and Moursi et al (2014) .
Irrigation water use efficiency (IWUE):
Presented data in Table 3 show that the highest values of IWUE for grain and straw yield of wheat were recorded under irrigation discharge of 4 L sec -1 m -1 and cut-off irrigation at 85% of border length , and found to be (1.29 and 1.37 kg/m 3 ) for grain yield and (2.01 and 2.09 kg/m 3 ) for straw yield during the1 st and 2 nd seasons , respectively, followed by 3.5 L sec -1 m -1 water discharge and the same above cut-off irrigation .On the other hand , the lowest values of IWUE were (0.89 and 0.96 kg/m 3 ) for grain yield and (1.41 and 1.50 kg/m 3 ) were detected under 2.5 L sec -1 m -1 water discharge and cut-off irrigation at 100% of border length during both seasons , respectively. These results are in agreement with those obtained by Abo-warda (2002) , Kassab and Ibrahim (2007) , Kassab (2012) and Moursi et al, (2014) 
Water use efficiency (WUE)
Presented data in Table 3 showed that the highest values of WUE for grain yield (2.0 and 2.08 kg/m 3 ) and (3.10 and 3.14 kg/m 3 ) for straw yield were recorded for irrigation discharge of 4 L sec -1 m -1 under cut-off irrigation at 85% of border length during the first and the second seasons, respectively. While the lowest values of WUE (1.48 and 1.57 kg/m 3 ) for grain yield and (2.35 and 2.44 kg/m 3 ) for straw yield were detected under 2.5 L sec -1 m -1 water discharge and cut-off irrigation at 100% of border length during both seasons, respectively. It was noticed that, values of WUE increased with increasing cut-off irrigation under all irrigation discharge rates during both seasons. These findings are in a good accordance with those obtained by Shahin and Mosa (1994) , Abo-warda (2002) , Kassab and Ibrahim (2007) and Moursi et al (2014) . 
Irrigation efficiencies Water application efficiency (EI, %)
Data in Table 4 and Fig. 2 show that the highest values of water application efficiency (71.48 and 71.34%) were achieved from cut-off irrigation till 85% of border length under irrigation discharge of 4.0 L sec -1 m -1 during the1 st and 2 nd seasons, respectively, followed by cut-off irrigation at 90% of border length under the same irrigation discharge .While , the lowest values of water application efficiency (57.19 and 56.45%) were resulted from cut-off irrigation at 100% of border length under water discharge 2.5 L sec -1 m -1 during both seasons , respectively. Also, it was noticed that mean values of water application efficiency were increased with increasing both of irrigation discharge rates and cut-off irrigation during both seasons. These results are somewhat agreed with those obtained by El-Arqan et al, Water distribution efficiency (Ewd, %) Presented data in Table 4 and Fig. 3 show that the highest values of water distributed efficiency (82.34 and 81.99 %) were recorded with cut-off irrigation at 100% of border length under water discharge 3.5 L sec -1 m -1 during the1 st and 2 nd seasons, respectively, followed by irrigation discharge 4 L sec -1 m -1 and the same above cut-off during both seasons. While, the lowest values of water distribution efficiency (60.81 and 61.79 %) were resulted from cut-off irrigation at 85% of border length under irrigation discharge 2.5 L sec -1 m -1 during both seasons, respectively. It is obvious from the obtained data that the values of water distribution efficiency increased with increasing water discharge and decreased with increasing cut-off irrigation treatments during both seasons. These results are in the same agreement with those obtained by Mosalm (2009 ), Bochen et al (2013 and Amer (2011) .
Consumptive use efficiency (Ecu, %)
Consumptive use efficiency is a parameter which indicates the capability of plants to utilize the soil water stored in the effective root zone. Data tabulated in Table   2 and Fig. 4 showed that the highest values of Ecu (82.29 and 83.08 %) were recorded during the1 st and 2 nd seasons, respectively, under cut-off irrigation at 85% of border length, with 4.0 L sec -1 m -1 water discharge .Therefore, by decreasing the applied water, the higher amount of irrigation water could be beneficially used by growing plants. On the other hand, the lowest values of Ecu (72.80 and 74.02%) were achieved from cut-off irrigation at 100% of border length under irrigation discharge of 2.5 L sec -1 m -1 during the1 st and 2 nd season, respectively. It is obvious that from the obtained data values of Ecu increased with increasing both of water discharge and cut-off irrigation treatments during both seasons .This finding is somewhat agreed with those obtained by Kassab and Ibrahim (2007) , Emara (2009&2010) , Kassab (2012) . Table 5 show that irrigation discharge rates and cut-off irrigation treatments exerted a highly significant effect on grain weight /panicle (g) , 1000-grain weight (g) , grain yield (kg fed -1 ) and straw yield (kg fed -1 ) during both seasons .All the mentioned traits increased with increasing both of irrigation discharge and cut-off irrigation treatments during both seasons . The highest values of the abovementioned traits were recorded with 4.0 L sec -1 m -1 water discharge under cutoff irrigation at 85% of border length during both seasons. While the lowest ones were detected with 2.5 L sec -1 m -1 water discharge and cut-off irrigation at 100% of border length during both seasons .Also, data in Table 3 show that there were no significant effects on the most traits due to the interaction between water discharge and cut-off irrigation treatments, except grain yield which reached the level of significance during both seasons. These results are in accordance with those reported by Amer (2009), Kassab and Ibrahim (2007) , Beshara (2012) and Moursi et al (2014) Crude protein, % and NP-uptakes (kg fed -1 ) Data in Table 5 show that irrigation discharge rates and cut-off irrigation treatments had a highly significant effect on crude protein and N,P-uptakes (kg fed -1 ) by grain and straw of wheat during both seasons .All the mentioned traits increased with increasing both of water discharge rates and cut-off irrigation treatments during both seasons . The highest values of the aforementioned traits resulted from irrigation discharge of 4 L sec -1 m -1 and cut-off irrigation at 85% of border length treatments during both seasons .While the lowest values were recorded with 2.5 L sec -1 m -1 water discharge and cut-off irrigation at 100% of border length during both seasons .Also, data in Table (5) show that there was a significant effect on all traits due to the interaction between irrigation discharge rates and cutoff irrigation treatments during both seasons , except crude protein content and N-uptake during the2 nd season which did not reach the level of significance . These results are in accordance with those reported by ELYamany (1994) , EL-Sanat (2008) , Mosalm (2009 ), ELZaher et al, (2001 , Amer (2009) and Moursi et al, (2014) 
Contribution of ground water to ETc-wheat crop (GWC):
Data presented in Table 6 and Figs. 5&6 shows that ground water Table contribution to wheat water needs was increased with increasing both irrigation discharge rates and cut-off irrigation during both seasons.
The seasonal mean values of GWC is affected by irrigation discharge since it increased from (0.91 and 0.86 cm) to (1.11 and 1.22 cm) and (1.49 and 1.44cm) for 2.5 ,3.5 and 4.0 L sec -1 m -1 discharge during the1 st and 2 nd seasons ,respectively. Meanwhile, the corresponding values are affected by cut-off irrigation and the mean values were (1.10 and 1.11cm), (1.14 and 1.18 cm) and (1.26 and 1.23 cm) for cut-off irrigation at 100%, 90% and 85% of border length during both seasons, respectively. It was noticed that the highest values of GWC resulted from 4.0 L sec -1 m -1 discharge rate under cut-off irrigation at 85% of border length during both seasons. The most probable explanation for these findings is due to the fact that as the amount of applied water increased , the contribution of water Table  was decreased .So, irrigating wheat plant with 4.0 L sec -1 m -1 discharge under cut-off irrigation at 85% of border length received the lowest applied water as mentioned previously(see Table 3 ) and therefore achieved the highest values of ground water contribution percent, during both seasons .These results are in somewhat in agreement with that obtained by Kahlown et al ,(2005) , Khalifa (2013) and Akmal Kh. Karimove et al ,(2014) .
Economic evaluation
Data in Table 7 show that cut-off irrigation at 85% of border length under 4.0 L sec -1 m -1 discharge gave the highest values of total income (9832.2 and 10219.6 L.E/fed) , net income (6012.2 and 6369.6 L.E/fed) , net income from water unit for grain yield (1.97 and 2.14 L.E/fed) and net income from water unit for biological yield (2.61 and 2.79 L.E/fed) during the1 st and 2 nd seasons ,respectively, followed by 3.5 L sec -1 m -1 discharge and the same cut-off irrigation treatments . While, the lowest values for the abovementioned parameters were achieved by cut-off at 100% of border length under 2.5 L sec -1 m -1 discharge during both seasons.
Also, the data obtained show that cut-off irrigation at 85% of border length under 4.0 L sec -1 m -1 discharge gave the highest values of economic efficiency (1.20 and 1.27) for grain yield and (1.57 and 1.65) for biological yield during the1 st and 2 nd seasons, respectively. Meanwhile, the lowest values of economic efficiency have resulted from the combination of 2.5 L sec -1 m -1 and cut-off irrigation at 100% of border length (no cut-off) during both seasons. 
